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CLIVE A. LAYTON, MBBS, RAPHAEL BALCON, MBBS, FACC 
London, England 
To evaluate the significance of “reciprocal” ST segment 
depression resulting from coronary occlusion, 27 patients 
with single vessel coronary disease were studied with intra- 
venous digital subtraction left ventriculography before and 
during angioplasty of the left anterior descending coronary 
artery. During balloon inflation, 13 patients developed 
inferior lead ST depression in addition to anterior lead ST 
elevation (Group l), whereas the remaining 14 patients did 
not (Group 2). 
The degree of anterior lead ST elevation in Group 1 (5 
mm) was greater than that in Group 2 (1.5 mm, p < 0.001) 
as was the reduction in left ventricular ejection fraction 
(24% versus 13%, respectively; p < 0.02). Anterior and 
apical regional shortening decreased in both groups simi- 
larly, hut an additional decrease in anterobasal shortening 
was confined to Group 1 (from 38% to 21%; p < 0.002). 
Despite the presence of inferior lead ST depression in 
Group 1, inferior regional shortening did not change and 
inferobasal contraction was enhanced (from 4% to 29%; 
p < 0.01). 
Inferior lead ST segment depression during anterior 
descending coronary angioplasty reflects a greater degree of 
anterior wall ischemia. The concurrent preservation of 
inferior wall contraction and the augmentation of infero- 
basal shortening confirm that this electrocardiographic 
feature is a “reciprocal” phenomenon rather than a man- 
ifestation of remote iscbemia. 
(J Am Co11 Cardiol1989;13:1270-4) 
During acute myocardial infarction, ST segment depression 
is frequently seen in electrocardiographic (ECG) leads re- 
mote from the infarct region shown by the location of ST 
elevation. Whether such changes are detecting additional 
ischemia in a territory remote from the infarct or whether 
they are merely an ECG phenomenon reflecting ST elevation 
on an opposite surface of the heart has long been a subject of 
discussion. The latter situation has been described as “re- 
ciprocal” (1). 
Coronary angioplasty, by producing transient coronary 
occlusion and therefore controlled transmural myocardial 
ischemia, has allowed this question to be addressed further. 
ST elevation during balloon inflation is frequently accompa- 
nied by ST depression in leads that overlie areas that are 
remote from the primary ischemic territory. In addition to 
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ST segment alteration, however, myocardial ischemia in this 
setting may also be assessed by examination of global and 
regional left ventricular performance (2-5). Previous work 
(6) has shown that, during angioplasty, echocardiography is 
more sensitive than electrocardiography in detecting the 
presence of left ventricular ischemia. The development of 
new wall motion abnormalities during balloon inflation usu- 
ally precedes any ST segment alteration and may occur in 
the absence of any ECG changes (4,6). We (2) have previ- 
ously demonstrated that left ventricular wall motion can also 
be assessed during angioplasty with use of intravenous 
digital subtraction ventriculography. We therefore used this 
technique to examine the significance of remote inferior ST 
depression occurring during angioplasty of the left anterior 
descending coronary artery. 
Study patients (Table 1). Twenty-seven patients were 
studied, 22 men and 5 women with a mean age of 52 years. 
All patients had limiting angina despite optimal medical 
therapy. At the time of the study 19 patients were taking a 
beta-adrenergic blocking agent, 23 were taking a calcium 
channel blocker and 21 were taking nitrates. Seventeen 
patients were in Canadian Cardiovascular Society functional 
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Table 1. Clinical, Electrocardiographic and Ventriculographic Results in 27 Patients 
Age EF Pre- Inferior Anterior 
Patient (yr) Angina* LAD PTCA ST4 ST? 
No. 8 Gender (grade) (%i) G’o, (mm) (mm) 
EF during 
PTCA 
(%‘c) 
Group I (with inferior ST 4 ) 
8 
Y 
IO 
II 
I1 
I3 
Mean 
43M 
52M 
SOM 
SIF 
44M 
57M 
6lF 
55M 
SOM 
41F 
53M 
61F 
57M 
(2) 
IV 
111 
IV 
III 
IV 
111 
IV 
III 
III 
Ill 
IV 
IV 
III 
90 77 
85 78 
90 75 
90 78 
95 72 
85 78 
95 70 
95 80 
90 71 
70 6X 
YO X5 
X0 XI 
85 75 
(XX) (761 
I 0 I? 
I 2 44 
I.5 9 37 
2 9 47 
2 6 39 
? 4 46 
? 4.5 60 
2 7 45 
1 ! 57 
2.5 3 44 
3 5 61 
3 6 52 
3 8 72 
(1) (5) (51) 
Group 2 (no inferior ST 1 1 
Id 
IS 
I6 
I7 
IX 
IY 
20 
!I 
22 
23 
24 
15 
26 
27 
Mean 
65M 
55M 
61M 
61M 
4?F 
39M 
49M 
38M 
6OM 
48M 
45M 
46M 
67M 
S?M 
(52) 
Ill 
III 
IV 
III 
Ill 
IV 
III 
III 
IV 
III 
Ill 
Ill 
IV 
Ill 
90 79 
70 76 
YY 62 
90 7x 
70 73 
YY 82 
99 90 
95 74 
95 79 
95 71 
90 58 
90 7x 
99 75 
90 XI 
(‘)I) 175) 
4.6 
0 
2.3 
6 
0 
0 
0 
0 
4 
0 
0 
0 
2 
(I.51 
55 
5-l 
SO 
67 
41 
6’) 
85 
5X 
7x 
61 
44 
63 
75 
71 
(62) 
*Canadian Cardiovascular Society functional class. EF = left ventricular ejection fraction: F = female: 52 = 
male: LAD = severity of left anterior descending coronary artery stenosis: PTCA = percutaneous transluminal 
coronary anpioplasty: ST 4 = ST segment depression: ST T = ST segment elevation. 
class III and the remaining 10 patients were in Class IV. All 
patients had single vessel coronary disease defined as a ~70% 
reduction in luminal diameter affecting only the left anterior 
descending artery. The lesion undergoing angioplasty ranged 
in estimated severity from 70 to 99% (mean 89%). In all cases 
the stenosis allowed anterograde flow of contrast agent. Left 
ventriculography demonstrated normal contraction in all pa- 
tients, the mean ejection fraction being 75%. 
Methods 
Angioplasty procedure. Patients received premeditation 
(an oral nitrate, calcium channel blocker and dipyridamole) I 
h before angioplasty. Angioplasty was performed by the 
femoral approach with use of a 2.5 to 3 mm balloon catheter 
and steerable guide wire. Patients underwent 3 to 7 balloon 
inflations for 20 to 60 s each at inflation pressures ranging 
from 5 to 10 atm. The ECG was allowed to return to baseline 
before subsequent inflations. 
Electrocardiography. A 12 lead KG was monitored 
throughout the angioplasty procedure at a paper speed of 25 
mm/s. The time of balloon inflation and deflation was 
marked, as was the onset of digital ventriculography. As all 
balloon inflations were performed in the left anterior de- 
scending artery, precordial leads V, to V, were taken to 
overlie the myocardial region at direct risk of ischemia, 
whereas leads II. III and aVF were taken to represent the 
inferior and, therefore, remote territory. ST segment altera- 
tion (> I mm) was measured with a graticule 80 ms after the 
J point and the maximal change in any lead was recorded. 
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Figure 1. Example of intravenous digital subtraction 
left ventriculograms during left anterior descending cor- 
onary balloon angioplasty. End-systolic images before 
(left) and during (right) balloon inflation are outlined. 
Decreased anteroapical regional shortening is associ- 
ated with anterior ST segment elevation and a reduction 
in ejection fraction (EF) from 78% to 52%. (Reproduced 
with permission from the British Heart Journal, Ref. 2.) 
Digital ventriculography. Digital subtraction left ventric- 
ulography was performed after right atria1 contrast injection 
before and during (>20 s) either the third (21 patients) or 
fourth (6 patients) balloon inflation, according to a previ- 
ously described method (2). Forty milliliters of nonionic 
contrast medium (Omnipaque, Nycomed) were injected at 17 
ml/s through a SF pigtail catheter (Superflow, Cordis) during 
held inspiration. Ventriculograms were acquired at 12.5 
frames/s onto a 256 x 256 pixel matrix with use of a Siemens 
Digitron connected online to a Siemens Elema Angioskop D 
imaging system. 
End-diastolic and subsequent end-systolic frames were 
selected, excluding ectopic beats, and their outline was 
manually digitized. An area-length method was used to 
calculate left ventricular volumes (7), and ejection fraction 
was thereby determined. To quantify regional left ventricu- 
lar wall motion we used a previously published method (8) 
that calculates the percent systolic shortening of radii ema- 
nating from the end-systolic center of gravity to the end- 
diastolic perimeter. This method was modified so that the 
results could be expressed as percent shortening for each of 
five left ventricular regions: anterobasal, anterior, apical, 
inferior and inferobasal (2). 
Statistics. Statistical tests included paired or unpaired 
Student’s t test as appropriate and simple correlation and 
regression analysis. This study was approved by the ethical 
committee of the National Heart and Chest Hospitals and all 
patients gave written informed consent. The radiation expo- 
sure of each digital left ventriculogram was approximately 
equal to that of a tine ventriculogram and therefore two such 
studies in each patient were considered acceptable. 
Results 
Electrocardiographic changes (Table 1). During balloon 
inflation in the anterior descending artery, 18 patients devel- 
oped anterior lead ST segment elevation of L 1 mm (mean 4.7 
mm, range 1 to 9). Of these, 13 patients (Group 1) also 
developed inferior lead ST segment depression of rl mm 
(mean 2 mm, range 1 to 3 mm). The remaining 14 patients 
(Group 2) did not develop significant inferior ST deviations. 
During balloon inflation the magnitude of anterior ST seg- 
ment elevation seen in Group 1 (mean 4.7 mm, range 1 to 9) 
was greater than that in Group 2 (mean 1.5 mm, range 1 to 6; 
p < 0.001). The degree of ST elevation in all 27 patients 
correlated with the degree of ST depression (r = 0.657; p < 
0.001). 
Left ventricular volumes and global performance (Fig. 1). 
Before angioplasty, mean left ventricular end-diastolic vol- 
umes (Group 1, 137 ml and Group 2, 141 ml) and end-systolic 
volumes (Group 1,33 ml and Group 2, 35 ml) were similar in 
both groups. During balloon inflation end-diastolic volume 
did not change significantly in either group (Group 1, 143 ml 
and Group 2, 149 ml). In contrast, end-systolic volume 
increased to 69 ml in Group 1 (p < 0.01) but to a lesser extent 
in Group 2 (57 ml; p < 0.01). 
Control ejection fraction (Table 1) was similar in both 
groups (Group 1, 76% and Group 2, 75%; p = NS). During 
balloon inflation ejection fraction decreased to 52% in Group 
1 (p < 0.001) and to 62% in Group 2 (p < 0.001). The 
magnitude of this decrease was greater in Group 1 (24%) 
than in Group 2 (13%; p < 0.02). In all 27 patients the 
decrease in ejection fraction correlated with the degree of 
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Table 2. Regional Left Ventricular Shortening Before and During 
Anterior Descending Angioplasty in 27 Patients With and Without 
Inferior ST Segment Depression 
Group I 113 patients) Group 2 (14 patients) 
(inferior ST 1 ) (no inferior ST 4 1 
LV Pre- During Pre- During 
Segment PTCA PTCA p PTCA PTCA p 
Anterobasal 38 (10) 21 (16) <0.002 37 (IO) 35 (12) NS 
Anterior 36 (9) IO (IO) <O.OOl 43 (IO) I9 (23) <O.OOl 
Apical 55 (9) I2 (15) <O.OOl 51 (I?) 22 (22) <o.ooi 
Inferior 52 (9) 49 (12) NS 44 (17) 46 (17) NS 
lnferobasal 4 (6) 29 (21) co.01 9 (16) 20 118) 10.02 
Values are expressed as mean k SD (SD within parentheses). LV = left 
ventricular: other abbreviations as in Table I. 
both anterior ST elevation (r = 0.605, p < 0.001) and inferior 
ST depression (r = 0.403, p < 0.05). 
Regional left ventricular performance (Table 2). Regional 
motion of the five segments examined in each of the two 
groups is shown in Table 2. Before balloon inflation there 
were no differences in regional shortening between groups 
other than in anterior segmental shortening, which was 
lower in Group 1 than in Group 2 (36% versus 43%, 
respectively, p < 0.05). During balloon inflation, anterior 
and apical regional shortening decreased in both groups: 
Group 1 from 36% and 55% to 10% and 12%, respectively 
(p < 0.001) and Group 2 from 43% and 51% to 19% and 22%‘. 
respectively (p < 0.001). The magnitude of these reductions 
was not different between groups. However. an additional 
reduction in anterobasal shortening was only observed in 
Group 1 (from 38% to 21%; p < 0.002). There was no change 
in inferior wall motion in either group: Group I, from 52% to 
49%, (p = NS) and Group 2, from 44% to 46% (p = NS). In 
contrast. inferobasal wall motion increased in both groups: 
Group 1, from 4% to 29% (p < 0.01) and Group 2, from 9% 
to 20% (p < 0.02): the magnitude of these increases was not 
different between groups: Group 1, 25% and Group 2, 117~ 
(p = NS). In all 27 patients there was a positive correlation 
between the degree of inferior ST depression and the fall in 
anterobasal contraction (r == 0.575, p < 0.002). 
Discussion 
Much of the previous work on remote ST segment 
depression has been undertaken during acute inferior infarc- 
tion when inferior ST elevation is accompanied by anterior 
ST depression. These findings have been interpreted as 
indicating ischemia in the anterior wall and therefore have 
been considered to be predictive of additional coronary 
disease in vessels other than that subtending the infarct 
region (9,lO). This has not necessarily been the interpreta- 
tion of others who observed a greater degree of inferoposte- 
rior ventricular dysfunction in these patients (1 l-13) and a 
less favorable in-hospital course (14). Furthermore, the 
degree of anterior ST depression in these patients has been 
correlated with the magnitude of inferior ST elevation (15). 
Correlation of inferior ST depression and wall motion. 
Coronary angioplasty allows the evaluation of similar ST 
segment changes during transient. controlled balloon coro- 
nary occlusion. We (2) and others (3-5) have shown previ- 
ously that assessment of left ventricular performance during 
angioplasty is superior to ECG monitoring for detecting 
ischemia in this setting. ST segment alteration occurs rela- 
tively late after the onset of balloon inflation (6), and may not 
occur at all despite the development of new abnormal wall 
motion (4). Our results show that patients who develop 
inferior ST depression during left anterior descending coro- 
nary angioplasty have a greater degree of anteroapical 
ischemia than do patients who do not develop this change. 
This finding is supported by the greater degree of anterior ST 
segment elevation, more marked reduction of left ventricular 
ejection fraction and additional anterobasal left ventricular 
dysfunction found in this group in comparison with patients 
without inferior lead ECG changes. However, despite the 
presence of inferior ST depression, inferior regional short- 
ening did not decrease in our patients and inferobasal 
contraction was enhanced. Like others (15), we also found a 
correlation between the magnitude of ST segment elevation 
and ST segment depression. We therefore conclude that 
such inferior ST segment depression does not indicate addi- 
tional inferior ischemia but is indeed reciprocal, reflecting a 
greater degree of anterior ischemia. This view is supported 
by the correlation between the degree of inferior ST depres- 
sion and the extent of anterobasal dysfunction demon- 
strated. 
Previous studies. Our findings are supported by previous 
work. Quyyumi et al. (16) noted that the presence of inferior 
ST segment depression during anterior descending coronary 
angioplasty did not relate to the presence or absence of 
additional right coronary artery disease. They suggested that 
such inferior ST changes probably did not represent ische- 
mia but were merely an electrical phenomenon (reciprocal). 
Annthrr explmnc~tion qf’ these findings MYL~ proposed by 
Bryrnrr et rrl. f 17). They suggested that, during angioplasty in 
patients with isolated anterior descending coronary artery 
disease, “&hernia at a distance” may result from balloon 
occlusion of a particularly large anterior descending artery 
that extends around the left ventricular apex and supplies a 
large proportion of the inferior myocardium. They con- 
cluded. therefore. that such ST segment depre\c;ion is more 
likely to be ischemic rather than purely reciprocal. How- 
ever. if the inferior surface of the heart was rendered 
ischemic during balloon inflation in such a vessel, one would 
anticipate decreased inferior wall motion, but we did not 
observe such a decrease. Furthermore. balloon occlusion of 
such an artery might be expected to produce more extensive 
anterior ischemia; thus, the finding of coexistent inferior ST 
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depression would not be surprising according to our expla- 
nation. 
Mechanism of augmented inferior wall motion. Augmen- 
tation of inferior wall motion during left anterior descending 
coronary angioplasty has been documented by others (I@, 
but it is not a universal finding (3,4). The mechanism of this 
phenomenon is unclear. Recent work (19) suggests that the 
Starling mechanism is not responsible and, as we and others 
(20) have shown that end-diastolic volume does not increase 
during balloon inflation, our results support this view. An- 
other possibility is increased contractility secondary to sym- 
pathetic activation, but btir data do not allow this question to 
be addressed. HoweWr, it is more likely that mechanical 
interaction between the nonischemic and ischemic regions 
results in inferior regional afterload reduction (19) and there- 
fore, augmented inferior regional shortening. 
Clinical implications. These results cannot be extrapo- 
lated to patients with acute anterior myocardial infarction 
who have additional inferior ST depression, because the 
extent of their coronary disease is not known. Our findings 
demonstrate, however, that such ST depression may occur 
in the absence of inferior wall ischemia. 
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